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(54) Amorphous perfluorinated copolymers 

(57) Amorphous perfluorinated copolymers, com- 
prising cyclic perfluorinated units deriving from at least 
two different perfluorinated comonomers, optionally 
with units deriving from a perfluorinated monomer con- 
taining at least one olefinic unsaturation (perfluoroole- 
fin), or comprising cyclic perfluorinated units and units 
deriving from a perfluorinated monomer containing at 
least one olefinic unsaturation, said perfluorinated co- 
polymers having the following combination of proper- 



ties: 



substantial absence of unstable polar end groups, 

polymer Tg higher than 120°C, 

narrow monomeric composition distribution. 
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Description 

[0001 ] The present invention relates to amorphous perfluorinated polymers for optical applications, in particular op- 
tical fibers, the preforms obtained therefrom, and a process for preparing said polymers. 
5 [0002] With the term "preform" it is generality meant a compact and transparent solid formed by polymers having 
optical properties. 

[0003] The polymer optical fibers (POF) have a core-sheath structure. Compared with the optical fibers wherein the 
core is based on quartz or multicomponent glass, POFs generally show the following advantages: 

70 - higher diameter, 

improved flexibility (according to "bending test") 

improved number opening (difference of the refractive index between core and sheath), 
improved connection easiness to the light source. 

*s [0004] Polymer optical fibers having a core of polymethylmethacrylate, polystyrene or polycarbonate and a sheath 
of a perf luoroalkylmethacrylate polymer are at present on the market. At wave lengths of 400-600 nm polymethylmetha- 
acrylate POFs show a good attenuation, of the order of 150-400 dB/Km. At wave lengths higher than 650 nm the 
attenuation of said POFs becomes very high. This represents a drawback since on industrial scale sources of light at 
wave lengths higher than 700 nm, up to the near infrared, are used. 
20 [0005] USP 4,966,435 describes POFs having a good transmission to the light both in the visible spectrum and in 
the near infrared and an excellent thermal resistance. In said fibers the core is a copolymer of a PD or PDD perfluoro- 
dioxole. Said copolymers are substantially amorphous, have a Tg higher than 1 00°C, a refractive index which can be 
controlled between 1 .29 and 1 .40 in function of the comonomer, and can easily be transformed into optical fibers having 
an uniform diameter. The thermal resistance of said substantially amorphous copolymers is high, the number of the 
unstable end groups being lower than 5 meq/Kg, preferably lower than 2 meq/Kg. This reduced number of end groups 
is obtained by Treating the polymers with amines or alcohols and subsequently by reacting with fluorine at a temperature 
lower than the polymer Tg and comprised between 20°C and 200°C. The sheath is formed by a PD/TFE copolymer. 
The core-sheath fibers obtained according to said patent have an attenuation of 270 dB/km at 650 nm, 330 dB/Km at 
780 nm and 285 dB/km at 1 ,550 nm. Said values are too high for "last mile" or LAN (Local Area Network) applications, 
wherein an attenuation lower than 100 dB/km in the range 700-1 ,550 nm is required. 
[0006] EP 71 0,855 describes graded refractive index POFs having an improved band amplitude, formed by an amor- 
phous polymer and by at least another polymer (doping agent) having refractive index different of at least 0.001 units 
from that of the amorphous polymer. The doping agent is distributed in the fiber so as to have a concentration gradient 
from the centre to the cable periphery. The f luoropolymer contains cyclic structures; in particular when alicyclic polymers 
35 are used the attenuation is higher than 100 dB/km at a wave length between 700 and 1,550 nm. Said attenuation 
results too high for LAN applications. 

[0007] EP 752,598 describes graded refractive index POFs similar to those of previous patent, wherein a third com- 
ponent, having a specular concentration gradient, with respect to that of the doping agent, is used, to maintain constant 
the Tg along the fiber diameter. As third component a perfluoropolyether having the structure 
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-CF 2 -CF(CF 3 )0-or-(CF 2 ) n1 0- 

is used, wherein n1 is an integer from 1 to 3. Preferably the number average molecular weight of the perfluoropolyether 
is from 300 to 10,000. In the Examples of said patent it is described that fibers having a Tg of 82°C can have an 
attenuation of 100 dB/Km at 780 nm and 65 dB/Km at 1,550 nm. In the comparative Examples it is shown that in 
absence of PFPE the attenuation increases to 400 dB/Km at 780 nm, and to 280 dB/Km at 1,550 nm, while the Tg 
ranges from 82°C in the core to 102°C in the sheath respectively. In absence of PFPE microvacua are present in the 
fibers. The optical fibers obtainable according to said patent have the drawback to have a very low Tg for LAN appli- 
cations, which require a fiber Tg higher than '100°C (S. Ando, et Al. ChemTech. Dec. 1994 20-27). 
[0008] The need was felt to have available amorphous perfluorinated polymers for optical applications in particular 
for optical fibers, having the following combination of properties: 

attenuation values lower than 100 dB/km at wave lengths from 500 to 1 .550 nm: 
55 - Tg higher than 120°C; 

high thermal resistance; 

narrow distribution of the monomeric composition of the amorphous perfluorinated copolymer according to the 
following test: the polymer is dissolved at a concentration of 5% w/w in perfluoroheptane solvent, after filtration on 
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PTFE filter having a maximum pore diameter of 0.2 micron, no polymer residue remains on the filter; the filter 
weight before and after filtration remains unchanged. 

[0009] The Applicant has unexpectedly and surprisingly found perfluorinated amorphous polymers which solve this 

5 IS^'^SS of the present invention are amorphous perfluorinated copolymers, comprising cyclic perfluorinated 
units deriving from at least two different perfluorinated comonomers, optionally with units deriving from a non cycl e 
perfluorinated monomer, or which does not cyclize during the polymerization, containing at least one olefinic unsatu- 
rate (perfluoroolefin), or comprising cyclic perfluorinated units and units deriving from a non cyclic perfluorinated 

10 monomer, or which does not cyclize during the polymerization, containing at least one olefinic unsaturate, sa.d per- 
fluorinated copolymers having the following combination of properties: 

- substantial absence of unstable polar end groups, in particular end groups as COF, COOH or their amidic deriv- 
atives, esters or salts; said end groups being not detectable in the copolymer, i.e. present in an amount lowertnan 

is 0.05 mmoles/kg polymer when they are determined by Fourier transform IR spectroscopy by N.colet® Nexus FT-IR 

equipment (256 scannings, resolution 2 cm- 1 ), wherein: 

- on a sintered polymer powder pellet having 5 mm diameter and thickness from 50 to 300 micron (corresponding 
to a weight of 1 .75 and 1 0.5 mg of polymer, respectively) a scanning between 4,000 cm" 1 and 400 cm- is initially 

20 carried out, the pellet being then kept for 12 hours in an environment saturated with ammonia vapours; 

- the IR spectrum is finally recorded under the same conditions of the initial IR spectrum; 

- the two spectra are elaborated by subtracting from the signals of the spectrum relating to the untreated sample 
(initial spectrum) those corresponding to the specimen spectrum after exposure to ammonia vapours; 

- the "difference" spectrum is obtained, which is normalized by the following equation: 
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"Difference spectrum" 



[pellet weight (g)/pellet area (cm 2 )] 



the optical densities related to the end groups which have reacted with the ammonia vapours are measured, which 
give rise to detectable peaks in the IR spectrum, said end groups being the COOH and COF groups; . 
the optical densities are converted in mmoles/kg polymer using the extinction coefficients reported in Table t, page 
73 of the paper by M. Pianca et Al. "End groups in fluoropolymers", J. Fluorine Chem. 95 (1999), 71-84 (herein 
incorporated by reference): the so found values give the concentrations of the residual polar end groups as mmoles 
of polar end groups/kg polymer: in the spectrum of the amorphous (per)fluorinated polymers after fluonnat.on 
bands related to COON groups (3:600-3,500, 1 ,820-1 ,770 cm" 1 ) and/or COF groups (1 ,900-1 ,830 enr') are not 
detectable, the method detectability limit being 0.05 mmoles/Kg polymer; 
polymer Tg higher than 120°C, preferably 125°C; 

narrow distribution of the monomeric composition of the amorphous perfluorinated copolymer measured according 
to the following test: the polymer is dissolved at a concentration of 5% w/w in perfluoroheptane solvent, after 
filtration on PTFE filter having a maximum pore diameter of 0.2 micron, no polymer residue remains on the filter 
whereby the filter weight before and after filtration remains unchanged. 

[001 1 ] The amorphous perfluorinated polymers according to the present invention do not substantially contain C-H 

[0012] The perfluorinated monomers which give polymers containing cyclic structures, are selected from the follow- 
ing: 

- perfluorodioxoles, wherein optionally one or two fluorine atoms are substituted with chlorine atoms; 
so - non conjugated dienes having the following formulas: 

CF 2 =CFOCF 2 CF 2 CF=CF 2 , 

55 CFX 1 =CX 2 0CXV0CX 2 =CX 1 F 

wherein X 1 and X2, equal to or different from each other, are F, CI; X* and X 4 , equal to or different from each 
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other, are F or CF 3 , which during the polymerization cyclopolymerize. 

[0013] The preferred perfluorodioxoles are those having the following formula: 

CF = C - R' F 

1 1 

O O 

\ / 

cx x x 2 

(IA) 

wherein Ft' F is equal to F, R F , or OR F wherein R F is a linear or branched when possible perfluoroalkyl radical having 
1 - 5 carbon atoms; X., and X 2 equal to or different from each other being F or CF 3 . 

[0014] Preferably in formula ( IA) R' F = OR F , R F , is preferably CF 3 ; X 1 = X 2 = F, and the compound is known as TTD. 
Another preferred cyclic monomer is that having formula (IA) wherein R' F = F; X 1 = X 2 = F, and the compound is know 
as PD. 

[0015] The non cyclic perfluorinated comonomers, or which do not cyclize during the polymerization, containing at 
last one ethylene unsaturation, are selected from the following: 



C 2 -C 8 perfluoroolefins, such as TFE, hexafluoropropene (HFP); 

- (per)fluoroalkylvinylethers (PAVE) CF^CFORf, wherein R f is a C r C 6 (per)fluoroalkyl, for example CF 3 , C 2 F 5 , 
25 c 3 F 7 ; 

- perfluoro-oxyaikylvinylethers CF 2 =CFOX, wherein X is: a C^C^ aikyl, or a C r C 12 oxyalkyl, oraC r C 12 perfluoro- 
oxyalkyl having one or more ether groups, for example perfluoro-2-propoxy-propyl. 

[0016] The perfluorinated polymers of the invention can contain also as non cyclic comonomer or which does not 
30 cyclize during the polymerization, containing one ethylene unsaturation, in substitution or in addition to the above 
comonomers, also non cyclic C 2 -C 8 , fluoroolefins or which do not cyclize during the polymerization, containing one or 
two chlorine atoms, such as chlorotrifluoroethylene (GTFE). 

[0017] When the amorphous polymer optionally contains units, deriving from a non cyclic perfluorinated monomer, 
or which does not cyclize during the polymerization, containing at least one olefinic unsaturation, it contains cyclic units 
deriving from either different cyclic monomers or a cyclic monomer and a monomer which cyclizes during the polym- 
erization. 

[001 8] The amounts expressed in per cent by moles of cyclic units deriving from either different cyclic monomers or 
a cyclic monomer and a monomer which cyclizes during the polymerization range from 60% to 1 00% by moles pref- 
erably from 80% to 1 00%. 

40 [0019] When the amorphous polymer contains units deriving from a non cyclic perfluorinated monomer or which 
does not cyclize during the polymerization and containing at least one olefini-ic unsaturation, it contains cyclic units 
deriving from a cyclic monomer, or from two different cyclic monomers, or from a cyclic monomer and a monomer 
which cyclizes during the polymerization. 

[0020] The amounts expressed in per cent by moles of cyclic units deriving from a cyclic monomer, or from two 
different cyclic monomers or from a cyclic monomer and a monomer which cyclizes during the polymerization range 
from 60% to 99.5%, preferably from 80% to 95%. 

[0021] When the copolymer contains units deriving from a non cyclic perfluorinated monomer or which does not 
cyclize during the polymerization and containing at least one olefinic unsaturation, it can optionally be present a second 
non cyclic perfluoroolefin or which does not cyclize during the polymerization, different from that already present, se- 
lected from the above non cyclic perfluoroolefins or which do not cyclize in polymerization, in amounts in per cent by 
moles from 0 to 20%, preferably lower than 1 0%. 

[0022] The preferred copolymers according to the present invention are the copolymers obtained by copofymerizing: 
the perfluorodioxoles of formula (IA) having TTD structure, with TFE; 

the perfluorodioxoles of formula (IA) having TTD structure, with perfluorodioxoles of formula (IA) having PD struc- 
ture. 

[0023] The dioxoles and their copolymers, before being subjected to the process according to the present invention, 



4 



10 



15 



20 



25 



EP 1 256 592 A1 

as .escribed hereafter, are prepared by polarization for example ^^^^^^^X 
The amorphous polymers can be prepared according to 

according to known methods of the prior art. \? Ma \ a ™**™l SSTSt £ * T^esenoe of "adical initiators for 
merization in aqueous emulsion, according to known ^^^^^^M, optionally in combination 
exampie alkaline or ammonium persu.phates, Pe^°*P h *« P £^„^TE2Sn medium also anionic, cationic . 
with ferrous, cupreous or silver salts, or other easily ox,d,zable metals. flU orinated surfactant are 
and non ionic, hydrogenated and fluorinated surfactants are ^ ™9 e 26M60-C. 

particularly preferred. The polymerization reaction , « genera J^^S^^ prrt^ c*^ out in 
using a pressure up to 10 MPa. The preparation of ^^•^27*,^? 4 .864,006. Optionally in polym- 
microemulsion of (per)fluoropolyoxyalkytenes, according to USF> 4,789 717 andU&K 

erization well known chain transfer agents of the prior art can also be usea _ amorphous perfluorinated 

The determination of the narrow distribution of a 5% con- 

polymer of the invention, as said, is carried out ^^JJ^J^^SET. maximum pore diameter 

unchanged. „ tim , on r in n is a orocess for preparing the above perfluorinated polymers, including 

cyclizes during the polymerization, comprising the foollowmg steps: 



30 tions. 



[0026] in step ,) one must.ese, as said, at .east a solvent inert to fluo rina ^hav l^^Z^S, 
n Polymer Handbook 3th ed. page Vli 519, (Ed. Brandrup and ^^^^^S^KBO. perfluorobutyl- 
satisfy the solubility parameter are preferably selected from ^^S^b p^" Galden®LS 165, 

tetrahydrofuran, perfluoropropyl-tetrahydropyran, perfluoropolyether hav.ng b.p. 

units, preferably of 0.005 units. ,„„„ inn , rnm poo to 500 nirr a mercury lamp Hanau TQ 1 50 

[0028] In step II) the used radiation has a wave length ranging from 200 to 500. ^ ™ e y and results unde- 
Ln for example be used. By fiuorination the amount of ^^^^^^i^ lower than the 
tectable with the above described infrared s P e *™ copy in step II) ranges 

method delegability limit which, as said, is of 0.05 mmoles/kg polymer. The reaction tempe 

from 0°C to < +1 00°C, preferably from +20°C to +50°C. f , uo rination is carried out by IR spectros- 

so detectability limit is 0.05 mmoles/Kg polymer. o°-100"C, preferably it is the 

[0030] In step III) the temperature at which the filtration is earned out is m the range P 

room temperature (20°-25°C). . . oiamn i p bv striDDina under vacuum. 

55 shows the combination of the above properties: 

- attenuation values lower than 1 00 dB/km at wave lengths from 500 to 1 ,550 nm; 

- Tg higher than 120°C; 
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high thermal resistance; 

narrow distribution of the monomeric composition as above defined. 

whp 3 n 3 L^ am ° rPh0 w S P f ertlU0 : inated P 0| y mer obtaine * ^ the end of the process according to the present invention 
when step IV) s earned out, can be processed to obtain the preform. In this case the polymer is introduced in a vessel 
p'T^ 16 °' 9 ' aSS ° r P° rce,ain . or metal coated by semi^rystalline fluoropofymers, such for example PFA FEP 
thln^ « " ? mperatUr f. is over the fluoropolymer Tg, preferably to values from 50°C to 1 00°C higher 

than the fluoropolymer Tg. The temperature is kept for a time sufficient to allow the polymer compacting by gravity or 
by applying a pressure. Opt.onally it is possible to use vacuum and pressure cycles. At the end of the treatmenUhe 
temperature ,s gradually .owered to room temperature. In said way the preform ofThe amorphous perfluolSed po^er 
usable for optical applications is obtained. w 

Uonls m^/ ef0m ) Ca ™* iona "y* oni ™- in a total *™"« expressed in per cent by weight on the pert luoropolymer, 

£S« S, ^ y ° m 5% ,0 2 ° % ° f additiV6S ' Preferab, y dopin 9 a 9 ents and/ ^ Pemuoropolyethers. 

[0035] The used doping agents are fluorinated compounds substantiaify C-H bonds free and can be selected from 

Z !llZ^TT n9 Compo " n ( ds i havin 9 a tow molecular weight, oligomers and polymers containing an aromatic ring, 
or example benzen.c or naphthalen.c, and/or one or more halogen atoms, selected from CI, Br and Iodine or a func- 

Ztln^ e ?? P !f 3 ke, ° niC 9r ° UP ° r an Sther ,UnCti0n ' Examples of d °P ants are: 1 .3-dibromo-tetrafluor- 

ttfhf > : 4 - d,br , 0mo - t f ^luorobenzene, 2-bromotetrafluorobenzotrifluoride, halogenpentafluorobenzene wherein 
thaleno hmmnhf t°T : d ^ flu °r° ben20 P henone . Perfluoroacetophenone, perfluorodiphenyl, chloroheptafluoronaph- 
thalene, bromoheptafluoronaphthalene; chlorotrifluoroethylene oligomers with optionally a second perfluoroolefinic 
monomer selected from the above fluoropolymer non cyclic monomers pemuorooier.n.c 

TmL TrZ f P n ° nal C0m . P0ne "l s that the prefomi can contain ™ Perfluoropolyethers containing in the chain one 
'" °X l roll0Wlr »9 umts: -CF 2 -CF(CF 3 )0-, -CF(CF 3 )-CF 2 0-, -(CF 2 ) n1 0-wherein n1 is an integer from 2 to 3, 
f 1 w T 1 = ' 3 9 " Umber avera 9 e molecular weight preferably from 300 to 10,000 still more 

iTnT^'Z T t0 2 ' 5 ? h °' WhiCh be 38 d ° Pin9 a96ntS and aS T9 Tne Perfluoropo^ethe com 

pounds are well known in the prior art and on the market 

which 1 cvI.? e , h T P0 T erS f0rm6d ^ CyCMC ""^ d6riVin9 eV6n fr ° m ° nly one t * c,ie monomer or from a momomer 
rlmloll , m P ° lymen2atl0n ' obtainable with the invention process, resutt novel with respect to the 
JJJJ^,^ ° n the market but which nave not been subjected to fluorination and filtration steps according 

como^in^Sr 6 ^ 0bt f able With Pr0C6SS ° f the PreSSnt inVenti0n and the ^ponding preforms optionally 
compnsmg also the other above compounds (doping compounds and perfluoropolyethers) are characterized by a high 

TJZZiy 31 IT" ISn9th , S fr ° m 500 l ° 1 ' 550 nm ' and are USable for preparin g manufactured articles for optical 
eoindex and stej Index ^ COmp ° nents < optical lens windows, optical fibers, grad- 

[0039] Tests carried out by the Applicant have shown that by increasing the wave length from 400 to 1 ,550 nm the 
the ExaZliroMH 0 d6Crea ! e - Th6ref0re °" baSiS ° ,the attenua ti°n value measured at 514 nm. as indicated in 
measured Fat 514 nm ? > menm "> the attenuation at higher wave lengths is equal to or lower than the values 

[0040] The following Examples illustrate the invention without limiting the scope thereof. 

EXAMPLES 



Attenuation measurement method 



c 0 ul 4 s 1l vo, Th 25 wXS'tT™ bee " effeCted 8CCOrdin9 l ° m6th0d reP ° rted " K ° ike St A '- MaCr0m ° ,e - 

h 0 v°th! ] , a Tnep °'y mer "nderthe form of compact transparent solid cylinder, is subjected to scattering measurements 

*n«sxm^x!l S T e 7 9 t {L t S) ,6ChniqUe - LLS measure ment is carried out on the polymer cylinder immersed 

^en S afi ™w TV?** I? t0 ' Uene - ThS W3V6 ^ is 514 5 nm ' the ,aser power has 

soace TJ1 Z ? 3 deteCtablllt V pinhole of 400 The specimen is kept under rotation at 25 rpm to allow a 
tZ L7 T ? measuremen t. The scattering has been measured at 90', wrth acquisition times of 0 5 s 

^T^mZp B nt C ?th n° nSid6rin9 SC3tterin9 imenSity inde P enden t of the angle. In the calculation only the 
vertical component of the scattered light has been considered. 

Polar (ioni c) end group determination by IR spectroscopy 

[0043] A small amount of the specimen (3.5 mg) is put under a press (3.5 ton/cm*) and a pellet having a 5 mm 
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diameter and 100 micron thickness is prepared. 

[0044] The spectrum from 4,000 to 400 cm -1 is recorded by Nicolet® Nexus FT-IR equipment (250 scannings, res- 
olution 2 cm" 1 ). 

[0045] The pellet is transferred in an environment saturated with ammonia vapours. After 12 hours the specimen is 
5 taken from the ammonia saturated environment and the IR spectrum is recorded again under the same conditions. 
[0046] By subtracting from the signals of the spectrum relating to the specimen as such those corresponding of the 
specimen spectrum after exposure to ammonia vapours, the "difference" spectrum is obtained, which is normalized 
by the following equation: 

10 "Difference spectrum" 

2 

[pellet weight (g)/pellet area (cm )] 

[0047] The optical densities related to the end groups which have reacted with the ammonia vapours are measured. 
15 They are generally COOH or COF groups. The optical densities are transformed into mmoles/kg polymer using the 
extinction coefficients shown in Table 1 , page 73 of the paper by M. Pianca et At. "End groups in fluoropoiymers", J. 
Fluorine Chem. 95 (1999), 71-84. The found values express the concentrations of the residual polar end groups as 
mmoles of polar end groups/kg polymer. The detectability limit is 0.05 mmoles/Kg polymer. 

20 Polymer Tg determination 

[0048] The Tg is measured by DSC. 

Test of narrow distribution of the monomeric composition 

25 

[0049] The test is carried out with the following procedure: 

the polymer is dissolved at 5% concentration w/w in perfluoroheptane having a solubility parameter 5.8, and the 
obtained solution is filtered on PTFE membrane having a maximum pore diameter of 0.2 micron. After filtration, 
30 no polymer residue has to remain on the filter whereby the filter weight before and after filtration must remain 

unchanged. 

EXAMPLE 1 

35 Preparation of copolymer TFE/TTD 20/80 

[0050] In a 5 1 AISI 316 autoclave, equipped with stirrer working at 650 rpm, after vacuum has been made by oil 
pump, are introduced in sequence 2,790 ml of demineralized water, 6.67 g/litre H 2 0 of microemulsion obtained by 
mixing: 

40 

7.5 ml of a perfluoropolyoxyalkylene having acid end group of formula: 

CF 2 CIO(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

45 

wherein n/m =10, having average molecular weight 600; - 7.5 ml of an aqueous NH 3 solution at 30% by volume; 

1 5 ml of demineralized water: 
4.5 ml of Galden® D02 of formula: 

50 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 3 

wherein n/m = 20, having average molecular weight 450. 
55 [0051] The autoclave is heated up to 75°C and at this temperature 33.3 g/litre H 2 0 of TTD are added. The pressure 
inside the autoclave is brought to 1.4 MPa by TFE gas. Subsequently 210 ml of a solution 0.0925 M of potassium 
persulphate are introduced. After about 1 0 minutes the reaction starts. The reaction pressure is kept constant by feeding 
in a semicontinuous way, at each decrease of the inner pressure of 0.05 M Pa : liquid TTD and gaseous TFE in the ratio 
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^2!^^ = Li reaCti ° n * StOPP6d aft6r havi "9 fed in the wh °.e about 320 g of TTD The latex is 
degassed and it has a 15% by weight concentration of solid. It is coagulated by adding HN03 at 65% w/w Z foo EL, 

EXAMPLE 2 

2E3E£Z£r TFE/TTD 50,80 ,or pp,ipa ' app,ipa,i °'" — • 10 - - - ■»—« • 

^sksseset shown ,hat ,ha concamra,i °" °' ,ha paiar »— * — — °- ~ 9 
s 9 ^^t,^ri^ , ^^r po,- - uni ™ - i,n a ,a ™ — « 

SSuJSSSlSZS T a h S T "^^^ ,0 SCatterin9 mea — nts by the Laser Light scattering (LLS) 
oSc tk ^ d€ * cr,bed - Th * attenuation is equal to 17x10-= dB/cm (17 dB/km) at 514 nm 

p°zi xssisfar shown that - — - - P0 ,r 9 j ps is lower than 0 . 0 s 

[0060] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membra^ 
hav.ng a maximum pore diameter of 02 H m does not leave residues on the fitter The filter dried a t1 50»C Im ! 
weighed by a precision balance has the same weight as the initial weight. ^ 

EXAMPLE 3 (comparative) 

Fluorination of a copolymer TFE/TTD 20/80 

si srsiTSr E * amp,e 1 hava oaan wa,ao - in E « mpia ~° - 

[0063] A cylinder having 2 cm x 5.2 cm sizes is obtained 

s a H m ~~ 

K2 . J, « K^^^sr - by ,R • pec,rum and Dsc Tha " spap " um 

EXAMPLE 4 (comparative) 

Filtration of a copolymer TFE/TTD 20/80 

[0067] Example 2 is repeated omitting only the fluorination step. 
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[0068] The polymer IR analysis has shown that the concentration of polar groups is of 6 mmoles/Kg polymer. 
[0069] A cylinder having 2 cm x 5.2 cm sizes is obtained. 

[0070] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above. The attenuation is equal to 0.06 dB/cm (6,000 dB/km) at 514 nm. 
5 [0071] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane • 
having a maximum pore diameter of 0.2 u.m does not leave residues on the filter. The filter, dried at 150°C for 1 h and 
weighed by a precision balance has the same weight as the initial weigh. 

EXAMPLE 5 

10 

Preparation of copolymer TFE/TTD 20/80 

[0072] The preparation of the copolymer of Example 1 is repeated by obtaining a polymer having a Tg of about 
133.1 °C. The intrinsic viscosity, measured at the temperature of 30°C in perfluoroheptane is 35.2 ml/g. By IR analysis 
is the polymer results to contain a residual amount of the polar COOH groups of 6 mmoles/Kg polymer. 

EXAMPLE 6 

Preparation of a copolymer for optical applications according to the process of the present invention, and achievement 
20 of the preform, by using the amorphous perfluorinated polymer prepared in Example 5. 

[0073] Example 2 is repeated, by using the polymer of Example 5, except the fluorination time, which is 42 h instead 
of 31 h. 

[0074] The compound remained on the filter has been characterized by IR spectrum and DSC. The IR spectrum 
25 shows that it is a fluorinated polymer containing TTD. The DSC measurement shows for the fluorinated polymer re- 
mained on the filter a Tg of 100°C, corresponding to a composition on a molar basis 50/50 TFE/TTD. 
[0075] The polymer IR analysis has shown that the concentration of the polar groups is lower than 0.05 mmoles/Kg 
polymer (method detectability limit). 

[0076] The solvent is removed as described in Example 2 and the polymer treated as described until obtaining a 

30 cylinder having 2 cm x 4.3 cm sizes (preform). 

[0077] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above described. The attenuation is equal to 26x1 0 5 dB/cm (26 dB/km) at 514 nm. 
[0078] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane 
having a maximum pore diameter of 0.2 urn does not leave residues on the fitter. The filter, dried at 150°C for 1 h and 

35 weighed by a precision balance has the same weight as the initial weight. 

EXAMPLE 7 

Preparation of copolymer TFE/TTD 20/80 

40 

[0079] The preparation of the copolymer of Example 1 is repeated obtaining a polymer having a Tg of about 137. 4°C. 
The intrinsic viscosity, measured at the temperature of 30°C in perfluoroheptane is 40.0 ml/g. By I R analysis the polymer 
results to contain a residual amount of the polar COOH groups of 6 mmoles/kg polymer. 

45 EXAMPLE 8 

Preparation of a copolymer for optical applications according to the process of the present invention, and achievement 
of the preform, using the amorphous perfluorinated polymer prepared in Example 7. 

50 [0080] Example 2 is repeated, by using the polymer of Example 7, with a fluorination time of 30 h. 

[0081] The polymer IR analysis has shown that the concentration of the polar groups is lower than 0.05 mmoles/Kg 
polymer (method detectability limit). 

[0082] In the preform preparation step the polymer is introduced in a test tube having a length of 20 cm and a diameter 
of 2 cm and kept liquid at the temperature of 280°C for one hour then slowly cooled, with a decreasing temperature 
55 profile, to room temperature in a time of 24 h. A cylinder having 2 cm x 6.34 cm sizes is obtained. 

[0083] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above. The attenuation is equal to 12x10* 5 dB/cm (12 dB/km) at 514 nm. 

[0084] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane 
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having a maximum pore diameter of 0.2 urn does not leave residues on the fitter. The filter, dried at 150°C for 1 h and 
weighed by a precision balance has the same weight as the initial weight. 



Claims 



Amorphous perfluonnated copolymers, comprising cyclic perfluorinated units deriving from at least two different 
perfluonnated comonomers, optionally with units deriving from a non cyclic perfluorinated monomer, or which does 
not cyclize during the polymerization, containing at least one olefinic unsaturation (perfluoroolefin), or comprising 
cyclic perfluonnated units and units deriving from a non cyclic perfluorinated monomer, or which does not cyclize 
during the polymer.zation, containing at least one olefinic unsaturation, said perfluorinated copolymers having the 
following combination of properties: 

- substantial absence of unstable polar end groups, in particular end groups as COF, COOH or their amidic 
derivatives, esters or salts; said end groups being not detectable in the copolymer, i.e. present in an. amount 
m^^T, 0 05 ™ moles/k 9 P°'y mer wh en they are determined by Fourier transform |R spectroscopy by 
Nicolet® Nexus FT-IR equipment (256 scannings, resolution 2 cm"<), wherein: 

- on a sintered polymer powder pellet having 5 mm diameter and thickness from 50 to 300 micron (corre- 
sponding to a weight of 1 .75 and 10.5 mg of polymer, respectively) a scanning between 4,000 cm-1 and 
400 cm-« is initially carried out, the pellet being then kept for 12 hours in an environment saturated with 
ammonia vapours; 

- the IR spectrum is finally recorded under the same conditions of the initial IR spectrum: the two spectra 
are elaborated by subtracting from the signals of the spectrum relating to the untreated sample (initial 
spectrum) those corresponding to the specimen spectrum after exposure to ammonia-vapours- 

- the "difference" spectrum is obtained, which is normalized by the following equation: 

"Difference spectrum" 



[pellet weight (g)/pellet area (cm 2 )] 

- the optical densities related to the end groups which have reacted with the ammonia vapours are meas- 
ured, which give rise to detectable peaks in the IR spectrum, said end groups being the COOH and COF 
groups; 

- the optical densities are converted in mmoles-/kg polymer using the extinction coefficients shown in Table 
1 , page 73 of the paper by M. Pianca et Al. "End groups in fluoropolymers", J. Fluorine Chem 95 (1999) 
71 -84 (herein incorporated by reference); the so found values give the concentrations of the residual polar 
end groups as mmoles of polar end groups/kg polymer: in the spectrum of the amorphous (per)f luorinated 
polymers after fluorination bands related to COOH groups (3,600-3.500. 1 ,820-1 .770 cm-') and/or COF 
groups (1 ,900-1 ,830 emri) are not detectable, the method delegability limit being 0.05 mmoles/Kg poly- 
polymer Tg higher than 120°C, preferably 125°C 

- narrow distribution of the monomeric composition of the amorphous perfluorinated copolymer measured ac- 
cording to the following test, the polymer is dissolved at a concentration of 5% w/w in pert luoroheptane solvent 
after filtration on PTFE filter having a maximum pore diameter of 0.2 micron, no polymer residue remains on 
the filter whereby the filter weight before and after filtration remains unchanged. 

. Amorphous perfluorinated copolymers according to claim 1, wherein the perfluorinated monomers which give 
polymers containing cyclic structures, are selected from the following: 

- perfluorodioxoles, wherein optionally one or two fluorine atoms are substituted with chlorine atoms- 
non conjugated dienes having the following formulas: 



CF 2 =CFOCF 2 CF 2 CF=CF 2 , 
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CFX 1 =CX 2 OCxVoCX 2 =CX 1 F 

. tK _ r _„ p n- y3 and X 4 eaual to or different from each other, 
wherein X 1 and X2, equal to or different from each other, are F, CI, X and X , equai 
are F or CF 3 , which during the polymerization cyclopolymenze. 

} Amorphous pertluorinated copolymers according to claim 2, 
wherein the perfluorodioxoles have the following formula: 

CF = C - R' r 

I I 
O 0 

\ / 

(IA) 

wherein R'p is equal to F, Rp or ORp wherein Rp is a linear or branched when possible perfluoroalkyl radical having 
1-5 carbon atoms; X, and X 2 equal to or different from each other be.ng F or CF 3 . 

4 Amorphous pertluorinated copolymers according to claim 3, 
wherein in formula (IA) R'p = OR F , R F preferably being 

CF 3 ; X, = X 2 = F (TTD). 

5. .Amorphous pertluorinated copolymers according to claim 3, 
wherein in formula (IA) R'p = F; X-, = X 2 = F (PD). 

S. Amorphouspertluorinatedcopo.ymersacco^^ 

or which do not cyclize during the polymerization, containing at least one ethylene unsaturat.on, 

the following: 

- plrtluoro-oxyaikylvinylethers CF 2 =CFOX, wherein X is: a Cl -C„ alky., or a Cl -C 12 oxyalkyl, or a C r C 12 per- 
Suoro-oxyalkyl having one or more ether groups, for example perfluoro-2-propoxy- P ropyl. 

7. Amorphouspert.uorinatedcopo.ymersaccordingtoc.airnsl-e.co^ 

do not cyclize during the polymerization, containing one or two chlorine atoms, preferably 
(CTFE). 

8. Amorphous pertluorinated copolymers according to claims 1-7, ^.'^JJ^^u^?^ 
monomers or a cyclic monomer and a monomer which cyclizes dunng the polymerization. 

9 - rrthirmrr^ 

or from a cyclic monomer and a monomer which cyclizes dunng the polymenzat.on ranges from 60 A to 1 00 by 
moles, preferably from 80% to 1 00%. 
10. Amorphous pertluorinated copolymers according to claims 1-7, wherein when the amorphous polymer contains 
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units deriving from a non cyclic perfluorinated monomer, or which does not cyclize during the polymerization' 
containing at least one olefinic unsaturation. it contains cyclic units deriving from a cyclic monomer, or from two 
different cychc monomers, or from a cyclic monomer and a monomer which cyclizes during the polymerization. 

Amorphous perfluorinated copolymers according to claim 10, wherein the amount expressed in per cent by moles 
of cyclic units dewing from a cyclic monomer, or from two different cyclic monomers or from a cyclic monomer 
and a monomer which cychzes during the. polymerization ranges from 60% to 99.5%, preferably from 80% to 95%. 

12. Amorphous perfluorinated copolymers according to claims 1 0-1 1 , optionally comprising a second non cyclic per- 
fluoroolef.n or which does not cyclize during the polymerization, different from that already present selected from 
the perfluoroolefins of claims 6-7, in amounts in per cent by moles from 0 to 20%, preferably lower than 1 0%. 

13. Amorphous perfluorinated copolymers according to claims 1-12, obtainable by copolymerizing: 

- the perfluorodioxoles of formula (I A) having TTD structure, with TFE- 

- the perfluorodioxoles of formula (IA) having TTD structure', with perfluorodioxoles of formula (IA), preferably 

14. A process for preparing the amorphous perfluorinated polymers according to claims 1 -13, including the homopol- 
ymers formed by cyclic units deriving even from only one cyclic monomer or from a monomer which cyclizes during 
the polymenzation, comprising the following steps: 

I) dissolution of the amorphous perfluorinated polymer in a solvent inert to fluorination, having solubility pa- 
rameter defined as in Polymer Handbook 3th ed. page VII 519, (Ed. Brandrup and Immergut), from 5 5 to 8 2 
cal/cm .) , the polymer being dissolved at a concentration, expressed in per cent by weight, from 0 5% to 
15%, preferably from 3% to 8%: 

II) polymer fluorination in solution by treatment with elementary fluorine, optionally in admixture with inert 
gases, in the presence of ultraviolet radiations having a wave length from 200 to 500 nm, working at temper- 
atures lower than 100°C; 

III) solution filtration after fluorination on PTFE filter having a maximum pore diameter of 0.2 nm recovery of 
the filtrate; ' 

IV) optionally, solvent removal and recovery of the amorphous perfluorinated polymers usable for optical ap- 
plications. - r r 

15. A process according to claim 14, wherein in step I) the solvent inert to fluorination, having solubility parameter 
from 5.5 to 8.2 (cal/cm^* is selected from perfluoroheptane, perfluorobutyl-tetrahydrofuran, perfluoropropyl-tet- 
rahydropyran, perfluoropolyether having b.p. 165°C, tertiary perfluoroamines. - 

16. A process according to claims 14-15, wherein in step I) to the organic solution a doping compound is optionally 
S f ;' n o f n am ° Unt expressed in P er cent b V wei 9ht on the perfluoropolymer, from 1% to 30%, preferably from 

S /o 10 /o. 

17. A process according to claims 14-16, wherein in step II) the reaction temperature ranges from 0°C to < + 100°C 
preferably from +20°C to +50°C. 

18. A process according to claims 14-1 7, wherein in step III) the temperature at which the filtration is carried out is in 
the range 0°-1 00°C, preferably it is the roon temperature (20°-25°C). 

19. Preform comprising the amorphous perfluorinated polymers according to claims 1-13. 

20. Preform according to claim 19, optionally comprising additives, preferably selected from doping agents and/or 
preferably'flom 5% [02™/*™°™ PSt C6nt by Weight on the Perfluoropolymer, from 1% to 30%, 

21 . Preform according to claim 20, wherein the doping agents are fluorinated compounds substantially C-H bond free 
and can be selectedf rom the group comprising compounds having a low molecular weight, oligomers and polymers 

an *™ atic rin 9= Preferably benzenic or naphthalenic, and/or one or more halogen atoms, selected 
from CI, Br and Iodine, or a functional group, preferably a ketonic group or an ether function 



12 



EP 1 256 592 A1 

22. Preform according to claim 21 , wherein the doping agents are selected from the following: 1 ,3-dibromo-tetrafluor- 
obenzene, 1 ,4-dibromo-tetrafluorobenzene, 2-bromotetrafluorobenzotrifluoride, halogenpentafluorobenzene 
wherein the halogen is as defined in claim 21 , decafluorobenzophenone, perfluoroacetophenone, perfluorodiphe- 
nyl, chloroheptafiuoronaphthalene, bromoheptafluoronaphthalene, chlorotrifluoroethylene oligomers optionally 

5 containing a second perfluoroolefinic monomer selected from the monomers indicated in claim 6. 

23. Preform according to claims 19-22, comprising p erf luoropoly ethers containing in the chain one or more of the 
following units: -CF 2 -CF(CF 3 )0-, -CF(CF 3 )-CF 2 0, -(CF 2 ) n1 0- wherein n1 is an integer from 2 to 3, -CFX^-where- 
in X., = F, CF 3 , said perfluoropolyethers having number average molecular weight from 300 to 10,000, preferably 

w from 500 to 2,500. 

24. Manufactured articles for optical applications obtainable with the amorphous perfluorinated polymers according to 
claims 1-13 or from the preforms according to claims 19-23. 

15 
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Description 

[0001] The present invention relates to amorphous (per)fluorinated polymers substantially unstable ionic end group 
free, in particular COF, COOH or their corresponding esters, salts or amidic derivatives, said end groups being unde- 
5 tectable by the method reported hereunder. 

[0002] More specifically the present invention relates to amorphous (per)fluorinated polymers containinq cyclic per- 
fluorinated structures. 

[0003] Said polymers are characterized by a high transparency at wave lengths from 150 to 250 nm. Therefore said 
polymers are usable for achieving protective films in the production of semiconductors by means of microlithographic 
10 techniques at 248 nm, 1 93 nm and 157 nm. 

[0004] It is known that amorphous fluorinated polymers when used for microlithographic applications must show the 
lowest possible absorption with respect to the wave lengths of the incident light. In this application fluoropolymers are 
requ.red having transparency at lower and lower wave lengths, from 248 nm to 193 nm and preferably even to 157 
nm, to have smaller and smaller and quicker and quicker chips. 

[0005] The amorphous fluorinated polymers are characterized by a high transparency in a wide range of wave 

lengths, however at wave lengths lower than 250 nm the transparency is not high. This is mainly due to the fact that 

the amorphous polymers, obtained by the known conventional syntheses of the prior art, contain unstable polar ionic 

end groups, mainly of the COF, COOH type, which absorb at wave lengths lower than 250 nm, reducing the film 

transparency of the amorphous (per)fluorinated polymer to said wave length ranges 

20 [0006] Various processes to decrease or neutralize the residual amounts of said polar end groups are known in the 

P u' 0 ^l rt ; howeverthe known methods do not allow to lead to a substantial elimination of ionic end groups, in particular 
the COF and COOH end groups. 

[0007] One of the methods used to neutralize the acid end groups in polymers is by fluorination: the fluorinatinq 

agent is generally elementary fluorine, bufalso other fluorinating agents are used. 

2s [0008] The polymer can be fluorinated under solid form as described in USP 4,743,658, or dissolved in solvents 

which are stable to fluorination, as described in EP 919,060. Both treatments are carried out at high temperatures 

particularly of the order of 200°C, with fluorine diluted with inert gas. Or, before fluorination a pre-treatment of the end 

groups can be earned out with tertiary amines or alcohols to favour the subsequent fluorination reaction The temper- 

,„ ^tLn 9 , « ran9e 75 ° C - 200 ° C and must be ">wer than the polymer Tg. See patent application WO 89/12,240 
30 and USP 4,966,435. 

[0009] By said methods of the prior art a reduction of the polar end groups is obtained but not their substantially 
complete elimination. Besides, in some cases during the process other polar end groups such as for example COF 
are formed. See the comparative Examples. 

[0010] The residual presence of polar end groups in amorphous (per)fluorinated polymers, as said, worsens their 
optical properties and compromises the use thereof in the microlithography field, in particular at wave lengths lower 
than 200 nm, more particularly lower than 1 80 nm. 

[0011] The Applicant has unexpectedly and surprisingly found (per)fluorinated,amorphous polymers substantially 
ionic end group free, in particular COF, COOH, their esters, salts or amidic derivatives, on the basis of the analysis 
method reported hereunder. 

[0012] An object of the present invention are amorphous (per)fluorinated polymers substantially unstable ionic end 
group free, in particular COF, COOH or their amidic derivatives, esters or salts, said end groups being undetectable 
by the method reported below, i.e. each end group being in a total amount lower than 0.05 mmoles/Kg polymer the 
determination method of acid end groups being the Fourier transform IR spectroscopy by Nicolet® Nexus FT-IFt equip- 
ment (256 scannings, resolution 2 cnr'), wherein on a sintered polymer powder pellet having a 5 mm diameter and 
thickness from 50 to 300 microns (1 .75 - 1 0.5 mg of polymer) a scanning between 4.000 cm-1 and 400 cm-' is initially 
carried out the pellet being then kept for 12 hours in an environment saturated with ammonia vapours and finally 
recording the IR spectrum under the same conditions of the initial IR spectrum; elaborating the two spectra by sub- 
ract.ng from the s.gnals of the spectrum relating to the untreated sample (initial spectrum) the corresponding ones of 

h7th Pe f C T en SpeCtrum after e *P°S"re to ammonia vapours, obtaining the "difference" spectrum, which is normalized 
by the following equation: 
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"Difference spectrum" 



[pellet weight (g)/pellet area (cm 2 )] 



[001 3 ] The optical densities related to the end groups which have reacted with the ammonia vapours are determined- 

2 till* 9 T S 9 C ° 0H 3nd COF 9nd gr ° UpS ' that With ammonia va P° urs 9ive rise to detectable peaks; the 
optical densities are converted in mmo!es/kg polymer using the extinction coefficients reported in Table 1 page 73 of 
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oy reference); the found values express the concmM ions o. the refuel potormd ipoup ^ 

^rs^pi^sP"^ - — >— «-» *»~* con,ainin9 pe " 

fluorit.aleosmicto.es. ' „,„„„,„,h. 0 ,.,entirtver.tioti,besidesthepropertvsaidatnorphouspolymars, 
[0015] WfthamorpltouspolymetsaOTr<l.ogtotne^s«^m,« rtTOn, so , ven , s to, at least t% oy 

Uo ..miorystalline powers*™ ,m.anf. Pr^^JJ^^^^-^Hp^p^ 

:T^™^—>°< ~ — res: se ~ ne show °" e 9lass ,,an °" 

comonomers: 

. c-C. pertluoroolefins, such as tetraf luoroethylene (TFE) hexafluoropropene (HFP); 

: "~ for examp,e CF3 ' C2Fs ' 

cf-CFOX fpeDfluoro-oxyalkylvinylethers, wherein X is: a C r C 12 alky., or a C r C 12 oxyalky.. or a Cl -C„ <pD 
* S ?oxya. k y. ling on^or moJether groups, for exarnp.e perf.uoro-2-propoxy-propyl; 
- fluorosulphonic monomers, preferably selected from the following: 

- F 2 C=CF-0-CF 2 -CF 2 -S0 2 F; 

- F 2 C=CF-0-[CF 2 -CXF-0] n -CF 2 -CF 2 -S0 2 F 

wherein X = CI, F or CF 3 ; n = 1-10 

- F 2 C=CF-0-CF 2 -CF 2 -CF 2 -S0 2 F; 

- fluorodioxoles, preferably perfluorodioxoles; 
non conjugated dienes of the type: 
35 CF 2 =CFOCF 2 CF 2 CF=CF 2 , 

CFX1=CX20CX3X*0CX2=CX1 F different from each 

wherein X^ and X2, equal to or different from each other, are F, CI or H, X and X , equa 
other, are F or CF 3 , which during the polymerization cyclopolymenze. 

40 [0018] Among fluorodioxoles the ones of formula: 

CF = C - R' F 
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\ / 

cx,x 2 

(IA) 



can be mentioned, wherein R F is equa, to F, R F or OR F wherein R F is a linear or bached when possible perf.uoroa.Ky. 
radical having 1-5 carbon atoms; X, and X 2 eua, to or ^/.^^^ n ^ is herein indicated 

[0019] Preferably in formula (IA) R' F = OR F , R F preferably is CF 3 , X, - X 2 - F, and tne compo 

When cyclic monomers or monomers which in polymerization generate cyclic structures are present, the 
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ZIT wT r n ° m , erS 9enera '^ ran9eS ,r ° m 15 10 100% by moles: P refefab| y from 25% to 100% 
So22 Th P , ^ C TT " TT °' tHe am ° Um % by m0les in the P 01 ^- ranges from 40 to 95% 
Ed IT COm ° n0merS W f h ' ch can be copolymerized with cyclic monomers or which cyclize in polymerization are 
selected from one or more of the following: TFE, chlorotrifluoroethylene (CTFE) hexafluoroDrooene TtFR nil.n? 
oalkylv.nylethers or perfluorooxyalkylvinylethers as above defined nexafluoropropene (HFP), perfluor- 

vten e 31 thJ^h Preferred C ° p0,ym t r8 3CCOrdin 9 ,0 the P resent inven tion are the copolymers of TTD with tetrafluoroeth- 
S 'by mTs PreS6nt 9enera " y am ° UntS ""*» <™ ° % by — to 20% b y mote's. 

P^ed^^ -rding to the present invention are 

lures are based on TFE and HFP, optionally containing perfluorovinylethers as above defined oreferablv oerfluor 
omethylvmylether (PMVE). perfluoroethyMnylether (PEVE), perf^oropropyl-vinytether (PP^E) 

H anao rJw ° * ^ tenS " , ' a " 9in9 "° m 200 ,0 500 «■"" Pl« tan, a mencny „ m p 

ora? AMh.f„« ? c °" cer "' a "°" i" P«"0ri„al.d solv.nl is in ,ta range 1-11% by v»aioh, 
El ilTdS T ."I" !0lVe "' """^ "» """'""on and sutebly reoaed. 

foSaS ™! f Pr ,? ,eCtiVe J ilmS are aPPi,ed by CaS,in9 ' Spin COatin 9 or other conventional methods 
[0035] The follow.ng Examples illustrate the invention and do not limit the scope thereof. 

« EXAMPLES 

Determination of the ionic end groups by IR spectroscopy 

S 2 S,T ClrUm " ,000 '° * b> NMM N °™ FT-IR eouipmem ( 25 6 scannings, res . 

[00391 Bv subtract.™ fmm th a . * *u spectrum is recorded again under the same conditions, 

by the following equation: amerence spectrum is obtained, which is normalized 
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"D ifference spectrum" 
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[pellet weight (g)/pellet area (cm )] 
[0M01 Tneop.icaiOena.iaaraia.eO.O^ 

?»» L gently COOH °< ^^'T^Z^l S» « «. -End groups in .luoropoiyW. J. 

mmoles of polar end groups/kg of polymer. 
EXAMPLE 1 j comparative) 

0042 14 9 0. amorphous TFE-TTD oopo ^ TF ^ D ^ are mtroduoaO in 0 50 ml gl— roaoto. 

^rrpo^r.~ 

g& « « .no 0, m. Wna.ion me reaiOua, COOH enO groups a, in an amoun, o, . — » - «• 
ones of 3.9 mmoles/Kg. 
EXAMPLE 2 ( comparative) 

+ onor »n ahcpnce of UV radiation and solvent 
[0045] Genera, fluorination process of end groups at 80 Cm f**™ 0 ^ reactof maintained at 80°C. 

end groups of 3.3 mmoles/Kg. 
EXAMPLE 3 (comparative) , 

o+ 1 nrvr in absence of UV radiation and solvent 
General fluorination process of end groups at 100 C in absence 

end groups of 4.3 mmoles/Kg. 
EXAMPLE 4 (comparative) 

t00491 . g of the copolymer of Example 1 and 40 ml of 

\° 65 »C) arefed into a 100 ml Monel ^^^.^^.^^9 reduced tne pressure again in 
atmospheric pressure with n.trogen. The step is repeated 
the reactor, pure fluorine is fed until reaching OC . MPa 
rnncm ThP autoclave is left under stirring at 25°C for 30 nours. 

so formed COF end groups of 0.9 mmoles/Kg. 
EXAMPLE 5 (comparative) 

Fluorination process of the end groups according to Example 4 of EP 9 .8,060 
55 [0053] 90 g of a solution at « hy weight of - = r usedin ^^^Z^^^ 
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volume nitrogen/fluorine is fed until reaching the pressure of 0 7 MPa 
[0054] The autoclave is kept under stirring at 1 95"C for 1 0 hours 

S!f2 I he ' IUOrine in excess and the s °'vent are removed at reduced pressure 
[0056 At the end of the fluorination the residual COOHenrt „ m ..„e p ressure - 

end groups of 2.5 mmoles/Kg. 9r ° UpS an amount of 1 4 mmoles/Kg and the COF 



EXAMPLE 6 



Fluorination process of the end groups in the presence of UV light and solvent 

radiations for 30 h at 25°C Me, reason thJ^ Z " ° f n,tro 9 en/fluori ^ is fed in the presence of the UV 

[0058, Tnetota.amfun^of^ 

than 0.05 mmoles/Kg polymer. lowerthan the method sensitivity limit, and therefore it is lower 



EXAMPLE 7 

Preparation of copolymer TFE/TTD 60/40 



[0059] 2790 ml of demineralized water 6 67 n/iitro w n ~f ™ , • 

are introduced in sequence in a 5 uSa 31 6 aSSS mlcr ° emuls ' on Prepared as described in USP 4,864,006 
been made by oil pump T^e aufoc.Lets ^ J^\7^T^ ^ Ming * 650 ^ after vacuum ha * 
The pressur/inside th'e lutoc a e s b ought o 1 4 MPa bv TFE ?T 3 ^ "*° * 1713 ™ ^ 
potassium persulphate are introduced Arte about 10 mfnlTh 9 ' Subsequent, y 210 « ° f a solution 0 0925 M of 
constant by feeding in a ^k^i?^ at Ut e ^ , ^ e e J^f." StartS ' The reacti °" P™— «• maintained 
gaseous TFE in the ratio by weight TTD/TFE - 1 4 Tht 6 '""^ Pr6SSUre ° f 0 05 MPa ' »* M 7X0 and 

The latex is degassed ^^lS^M^^LTT n *< fed ln a " ab0Ul 320 9 ° f TD. 

separated from the aqueous phase wthedSe wi h dem i & T " " ^ "^'^ Wtth HN °3 at 65% 
[0060] The polymer To is ZTd^CT^^ t f Wat8r 3nd dried in stove at 85 ° C for 1 00 h. 

to contain a reUa, JLVJSS ^^%"r5ST^' " *" ana ' ySiS ** ^ 
EXAMPLE 7A 

Fluorination process of the end groups in the presence of UV light and solvent 

5 S h Fr 6 ^ "-susses ,h ° TFE ™ •** 

EXAMPLE 8 

Preparation copolymer CTFE/TTD 75/25 

SSI. in'troduT:: 1X^^^^~ C - USP and 490 g of 

been made by oil pump. The reactor's ^ZroJS^Tl TT * 65 ° aner VaCUUm has 

Then 30 ml of a solution 23 g/litre of P o^assluTolVuLllT ^ *! PreSSU ' e ° f 1 4 MPa by 93Se0US CTFE - 
constant by additions of CTFE whence ^ZSJ^^^^^L^ P — • mai " tai -* 

are fed for each gram of CTFE reacted in the rJLJriJIl ■ , ! Contemporaneously 0.5 g of TTD 

initiator solution a'e introduced ^l^^ru.^hoV^ ^ * ^ 15 a ' iqUOtS ° f 
from the reacting gaseous mixture- a latex cont^fninn i 7 t k reaction is stopped evacuating the reactor 

cooling a, -20^ l^^f^S^ ZeZTllT* ^ " C ° a9U ' ated * 

demineralized water and dried in stove at 90°C for 48 h . t?L T aqUe ° US phaSe il is washed with 

Phous. The amount of COOH end groups I 7 0 lole Jg a °' ^ ^ and therefore * is ampor- 
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EXAMPLE 8A 

Fluorination process of end groups in the presence of UV light and solvent 

5 [0064] Under the same experimental conditions and operating procedures used in Example 6 the CTFE/TTD copol- 
ymer of Example 8 is fluorinated, dissolved in solution at 4% by weight in solvent Galden® D100. 
[0065] After 29 hours of fluorination, by the above method by IR spectroscopy, it is verified that there are no longer 
detectable peaks of the COOH and COF end groups. 

10 EXAMPLE 9 

Fluorination process of end groups in the presence of UV light and solvent 

[0066] Under the same experimental conditions and operating procedures used in Example 6, the TFE/TTD 22/78 
is copolymer, prepared according to Example 5 of USP 5,883,177, is fluorinated, dissolved in solution at 5% by weight 
in Galden® D100. The polymer has an initial content of COOH end groups of 7.0 mmoles/kg. 

[0067] After 13 hours of fluorination, by IR analysis, 1 mmole/kg polymer of residual COOH end groups and 1.4 
mmoles/kg polymer of COF end groups which have formed are still found. 

[0068] After 29 hours of fluorination, by IR analysis, peaks attributable to COOH and COF end groups are not de- 
20 tectable. 

EXAMPLE 10 (comparative) 

Fluorination in solution at 230°C, in absence of UV light 

25 

[0069] 90 g of a solution at 1 .3% by weight of the copolymer used in Example 4 : dissolved in solvent Galden® D1 00, 
are fed into a 1 00 ml Monel reactor. The autoclave is brought to reduced pressure and then the atmospheric pressure 
is restored with nitrogen. The step is repeated a second time. After having reduced the pressure again, a 1:1, mixture 
by volume nitrogen/fluorine is fed into the reactor until reaching a pressure value of 1 .9 MPa. 
30 [0070] The autoclave is kept under stirring at 230°C for 12 hours. 

[0071] At the end the fluorine in excess and the solvent are removed at reduced pressure. y 
[0072] The polymer residual COOH end groups are in an amount of 4.9 mmoles/Kg and the formed COF end groups 
of 11 mmoles/Kg. 

35 EXAMPLE 11 (comparative) 

Fluorination process of the end groups in the presence of UV light, in absence of solvent 

[0073] 1 4 g of the copolymer used in Example 1 are transferred in a 20 cc quartz phial. Nitrogen is fed into the reactor 
40 for 1 h to remove the present oxygen, then pure fluorine is fed (1 .3 Nl/h) in the presence of the UV radiations, emitted 
from a lamp placed outside the reactor for 25 h at 20°C. After reaction the residual fluorine and the solvent are removed 
at reduced pressure. 

[0074] At the end of the fluorination the residual COOH end groups are in an amount of 1 .6 mmoles/Kg and the COF 
ones of 2.4 mmoles/Kg. 

45 

EXAMPLE 12 

Determination of the transmittance by UV spectroscopy 

50 [0075] A solution of the copolymer used in Example 9 but at a 1 0% by weight concentration, having an initial content 
of COOH end groups of 7.0 mmoles/kg, is filtered by a 0.2 microns porous septum and transformed in a film by casting, 
obtaining a film having a 20 microns thickness. 

[0076] The film transmittance is determined in the range from 800 to 200 nm by a UV-Visibile Perkin Elmer Lambda 
2 spectrometer. 

55 [0077] The transmittance value at 200 nm is 79.3%. Another film specimen is prepared, having the same thickness 
as the previous one, by using the same technique, utilizing the partially fluorinated copolymer (fluorination time 13 
hours) of Example 9. The film transmittance at 200 nm is equal to 89%. 

[0078] The analysis repeated on the exhaustively fluorinated copolymer specimen of Example 9 gives a transmittance 
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Claims 

1. Amorphous (per)fluorinated polymers containing an amount lower than 0.05 mmoles/kg polymer of each of the 
following ionic end groups: COF, COOH, their amidic derivatives, esters or salts, when the used determination 
method for said end groups is the Fourier Transform IR spectroscopy by Nicolet® Nexus FT-IR equipment (256 
scannings, resolution 2 cm -1 ), wherein on a sintered polymer powder pellet having a 5 mm diameter and thickness 
from 50 to 300 microns, a scanning between 4,000 cnrr 1 and 400 cnrr 1 is initially carried out, then maintaining the 
pellet for 1 2 hours in an environment saturated with ammonia vapours; and finally recording the IR spectrum under 
the same conditions of the initial IR spectrum; elaborating the two spectra by subtracting from the signals of the 
spectrum relating to the untreated sample (initial spectrum) the corresponding ones of the specimen spectrum 
after exposure to ammonia vapours, obtaining the "difference" spectrum, which is normalized by the following 
equation: 

"Difference spectrum" 

[pellet weight (g)/pellet area (cm 2 )) 

measuring the optical densities related to the end groups which have reacted with the ammonia vapours, converting 
then the optica! densities in mmoles/kg polymer using the extinction coefficients reported in Table 1, page 73 of 
the paper by M. Pianca et Al. "End groups in fluoropolymers", J. Fluorine Chem. 95 (1999), 71-84. 

2. Amorphous (per) fluorinated polymers according to claim 1 , containing cyclic perfluorinated structures. 

3. Per)fluorinated polymers according claims 1-2, wherein the amorphous polymers are selected from the properly 
said amorphous polymers and semicrystalline polymers soluble in perfluorinated solvents for at least 1 % by weight 
at temperatures in the range 0 D C-1 00°C, preferably 20°C-50°C. 

4. Semicrystalline (per)fluorinated polymers according to claim 3, wherein the perfluorinated solvents are selected 
from the group comprising perfluoroalkanes, perfluoropolyethers ; preferably having boiling point lower than 200°C, 
tertiary perfluoroamines. 

5. Perfluorinated polymers according to claims 1 -4 ; containing one or more of the following fluorinated comonomers: 

C 2 -C 8 perfluoroolefins, preferably tetrafluoroethylene (TFE) hexafluoropropene (HFP)r 
C 2 -C 8 chloro-fluoroolefins, preferably chlorotrifluoroethylene (CTFE); 

CF2=CFOR f (per)fluoroalkylvinylethers (PAVE), wherein R f is a C r C 6 (per)fluoroalkyl, preferably CF 3 . C 2 F 5 . 

c 3 F 7 ; 

CF 2 =CFOX (per)fluoro-oxyalkyivinylethers, wherein X is selected from the following: C r C 12 alkyl, C r C 12 oxy- 
alkyl, CVC 12 (per)fluoro-oxyalkyl having one or more ether groups, preferably perfluoro-2-propoxy-propyl; 
fluorosulphonic monomers, preferably selected from the following: 

F 2 C=CF-0-CF 2 -CF 2 -S0 2 F ; 
- F 2 C=CF-0- [CF 2 -CXF-0] n -CF 2 -CF 2 -S0 2 F 

wherein X = CL F or CF 3 ; n = 1 -1 0 

F 2 C=CF-0-CF 2 -CF 2 -CF 2 -S0 2 F; 

fluorodioxoles, preferably perfluorodioxoles; 
non conjugated dienes of the type: 

C F^ C FO C F 2 C F 2 C F= C F 2 , 

CFX1=CX 2 0CX 3 X40CX 2 =CX 1 F 

wherein X 1 and X 2 , equal to or different from each other, are F, CI or H: X 3 and X 4 , equal to or different 
from each other, are F or CF 3 . 
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6. Per)fluorinated polymers 

CF = C - R' r 

I I 
O O 

\ / 

cx x x 2 

(IA) 
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according to claim 5, wherein the fluorodioxoles have the formula: 



15 



- ■ „.mP R orOFtwheremRp Is a im e a, or branched wt»n possible f«rtluo,oalkyl radical having 
7 . P ar,huor,na,ed polym.rs according ,. «*. .. wherein in ,ha ton* „A, R> - OR, R F pra.eraPl, is CF 3 ; X, - 



X 9 = F. 



? -Thp 

omer is tetrafluoroethylene. 



40 to 95%. 



35 



Par,,,— powers accordln^^ 
nyiether (PPVE). 

„.Ap,o»as,or pr.parinp -"^SSS-hr^ 

« 15 A process according » Cain, „. wherein me esed radi.aon has a wa»e «h„h ranging .mm 200 ,0 500 nm 

A process according ,0 Cain* »-,S. wherein ,he reacrion .emperamr. range, Irem « » a.OO-C, prcl.raPl, 
from +20°C to +50°C. 

. U. A process according ,0 claims ,«6. wherein ma polymer oonoamralion in M ped,uor,n.«d scivan, is in me 
range 1-11% by weight. 

„ use o. ,h. polymer, according m claims ,-,3, lor oprioal appl.carions. in panicela, cprica, .ibers and .o, preparing 
transparent protective films for microlithographic applications. 



55 



19. Use according to claim 1 8, wherein the protective films are transparent from 150 to 250 nm. 
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